Green spaces take part a vital role in reducing the harmful effects occurred through the process of rapid urbanization. This study focuses on evaluating the change of green space and per capita green space in Colombo District, Sri Lanka in between 2008 and 2015 using Landsat images. The NDVI differencing method and classification method were used to detect the change of land cover. According to the results, a gradual decline of green space from 629.1km 2 to 591.16km 2 with a rate of 6.03% can be depicted. The change is considerable in Kaduwela, Moratuwa and Maharagama DSDs and quite better in the areas such as Avissawella, Homagama and Padukka. The per capita green space has been decreased from 272.361 m 2 to 248.811 m 2 . Though these rates are very well higher than the UN, EU and WHO standards for the district, Colombo DSD do not comply with UN and EU standards. The case would turn into worst in 2025, as the predictions with current rates. Therefore, the study recommends taking immediate actions to make a greener city. Further, a tax system is proposed to get the attraction of the general public.
Introduction
Rapid urbanization is a common problem everywhere in the developing countries [1] . The most of the people search their dwellings in cities because of the numerous infra-structure facilities in the city environments or its suburbs to fulfill their needs. As a result of that, cities are expanding by human settlements of permanent and temporary residents and development activities. Currently this has been converted into a worst scenario and brings some bad consequences. According to the United Nations (UN) estimations, the urban population would be increased to 61.1% (5.6 billion) of the global population in 2025 which was 37.7% (1.58 billion) in 1975 with the global annual average growth of 2.38% [2] . But these rates could be changed and would be much higher, specially, in the case of developing countries [2] . The rapid growth of urban population would lead to utilize remaining greener areas in the city for different purposes or expansion the periphery of the city extensively. As a result of this, the size of the urban green space decreases at an alarming rate. Urban green spaces are more significant in reducing the negative impacts of rapid urbanization [3] . Therefore, green spaces are also called as green lungs of a city. These spaces are acting as a part of city landscape and the urban planners must pay their special attention to keep and maintain a considerable portion of the green area in the process of planning cities [4] . And also green spaces are becoming a significant method for evaluating the environmental quality and the ecological sustainability of urban areas [5] . The degradation of green space is very harmful for the human health [6] and it reduces the biodiversity badly, destroy the habitats for animals [7] . Finally it would effect for the process of entire ecosystem in the natural environment.
Green spaces perform a number of functions such as controlling the surrounding temperature, increase the relative humidity, absorbing carbon-dioxide and producing oxygen, optimizing the hydrological conditions, reducing the noise pollution, providing shadows and creating new habitats for some animals and creation of a beautiful landscape [8] . Furthermore, economically, they help to improve the condition of living of urban dwellings through increasing property values and reducing the consumption of energy for cooling [9] . These functions would reduce the negative impacts of concrete developments in the city into some extent. Therefore, it is very important to allocate a considerable portion of the city area for green spaces almost in all cities in the city planning processes. Since the extent which has been allocated for green spaces in a city is very important, it uses as an indicator to measure the environmental quality of the city. One of the indicators is per capita green space. To calculate the value for the indicator, the extent of the area covered by the green spaces should be divided by the population of that area [10] . This value represents the extent of the green area in square meters (m 2 ) for a single citizen. Different organizations and institutions have expressed the minimum limits for per capita green space, UN expressed the per capita green space should be more than 30m 2 , European Union (EU) says it has to be over 26m 2 , while the World Health Organization (WHO) recommends it should be more than 9m 2 [11] . In the present study, the per capita green space was used to assess the quality of the environments of DSDs in Colombo district as the main objective.
Colombo district is the heart of the country and is very important for the social, economical and cultural stability. It is situated in the Western province of Sri Lanka and approximately covers 682 Km 2 of land with a population of 2.33 millions in 2015 [12] . Colombo district is consisted with 13 Divisional Secretariat Divisions (DSDs): Colombo, Kolonnawa, Thibirigasyaya, Kaduwela, Sri Jayawadenapura Kotte, Dehiwala, Maharagama, Moratuwa, Rathmalana, Kesbewa, Homagama, Avissawella, and Padukka as local authorities for administration purposes ( During the recent past years, many development activities have been carried out in Sri Lanka, specially, in Colombo district. It has led severe changes in the land cover. But there is no recent comprehensive study to analyze how the green space has changed and how it has influenced to the human and environmental conditions. Therefore, this study is significant, since this is the first attempt to find out the temporal changes of green space quantitatively and calculate the per capita green space of each municipal councils of Colombo district using the integrated method of Remote Sensing and Geographical Information Systems (GIS). Further, the study predicts the per capita green space values for year 2025 with the current rate of the population growth and reduction of green space as a sub objective of the study. Finally, it would find out the areas which do not comply with the standards defined by the UN, EU and WHO for future decision making processes.
Materials and Methods
There are different methods to detect the changes in the land cover. According to the purpose of the study, the method can be selected. In this study, an integrated technique of remote sensing and GIS was used. Remote sensing integrated with GIS provides an excellent platform to detect, monitor and manage different types of land related problems by presenting effective and efficient solutions. It is a well known tool in the process of detecting changes of an object or a phenomenon based on the images which were taken at different time intervals [13] . This would be affected by the elements such as spatial constraints, spectral constraints, thematic constraints and temporal constraints, atmospheric conditions and soil moisture conditions [14] . In any remote sensing based change detection technique, it would compare the difference between the spectral responses of two or more pixels of same ground coverage which have been taken on two days [14] .
Different change detection techniques such as comparison of land cover classifications, image differencing, image rationing, vegetation index differencing, principal components analysis and change vector analysis, have been introduced, specially, for land cover changes [14] . These various techniques give different outputs. For an example, image differing method provides binary information about the change by providing the results as change or no-change [15] . If the study needs further details about the change, a post classification technique must be applied [16] . It means that selection of the appropriate technique for a specific task is a challenge.
In this study, the vegetation index differencing technique was used to identify the changes. The vegetation indices are associated with the phenomenon of vegetation. This is the most widely used index for remote sensing in the past two decades to detect the vegetation change [17] . It is very simple and quick method to detect the vegetated areas and their conditions. The NDVI values vary from -1 to +1. Non vegetation areas would get a below zero value and dense forest canopies would have +1 as the NDVI value, while bare soil areas would be represented by a value closed to 0 [17] .
The methodology of this study consists with several steps to achieve the objectives ( Figure 2) . Firstly, the Landsat TM image acquired on 04.11.2008 and Landsat ETM+ image on the date of 14.04.2015 were downloaded from USGS (United State Geological Survey) Earth Explore web site in GeoTIFF file format, were pre processed to correct the geometric, radiometric and atmospheric errors. Population data of DSDs of Colombo district were obtained from the official web site of Department of Census and Statistics of Sri Lanka. District shape files with DSD boundaries and land cover maps were taken from the Survey Department of Sri Lanka. [18] . If the vegetation is in good health, the NDVI value would be +1. The two-dated NDVI images were classified into three classes (Green space, Soil/building/road and Water) by using the NDVI threshold ranges technique.
In this study, threshold values for classification of the image were determined by selecting sample points for each land use classes and comparing NDVI value correspond to those points ( Figure 3 By using the accuracy assessment which was done based on the ground truth points, the classification results were evaluated. The results of this would be represented by a classification error matrix. It would compare the results of the classification process and the real land cover for a number of sample points. Google earth images, true and false color composite images and prior knowledge about the area were used as reference data in this. The accurate assessment of the resulted land cover maps would include 500 random truth points to calculate the error probability of each map. The accuracy assessment was carried out using ArcGIS software. Firstly, ground truth points shape file was created and then using the tool "extract values to points", it was compared the ground truth points with classified data. The "frequency" tool was used to find how many ground truth points had been classified to each class. Then error matrix was created using "pivot table" tool in ArcGIS. Finally using the above error matrix, user's accuracy, producer's accuracy and overall accuracy were calculated.
Automated methods of remote sensing change detection usually are of two forms: postclassification change detection and image differencing using band ratios. In post classification change detection, the images from each time period are classified using the same classification scheme into a number of discrete categories (i.e., land cover types). The two (or more) classifications are compared and the area that is classified the same or different is tallied. With image differencing, a band ratio such as NDVI is constructed from each input image, and the difference is taken between the band ratios of different times. In the case of differencing NDVI images, positive output values may indicate an increase in vegetation, negative values for a decrease in vegetation, and values near zero means there is no change. In the present study, image differencing method was used to obtain the change detection by using "change detection" tool in ArcGIS.
Both classified images were converted to vector format, so that they can be analyzed in the ArcGIS environment. With the use of Colombo district shape file vectorized images were clipped and area related to each land-use class of both years was calculated using calculate Geometry function. Then the per capita green space was calculated using the population data. The results were compared with the land use map of the Colombo district which is prepared by the Survey Department of Sri Lanka. The land use classes which were having LU_GFCODE (land use code) as CCNTA (coconut), CHENA (chena), FRSUA (forest), HOMSA (home gardens), MRSHA (marshy), PDDYA (paddy), RBBRA (rubber), SCRBA (scrub), TEAA (tea) were selected as green space. Areas having LU_GFCODE as LAKEA (lake), BAYA (bay), RSVRA (reservoir), SEAA (sea), STRMA (stream), TANKA (tank), WTRHA (water) were taken as water areas. And SANDA (sand), APRTA (apartments) and BLTPA (built up area) of LU_GFCODE were selected as Soil/Building/Road areas.
Results
The result of this process was a set of 8-bit gray scale NDVI images representing the amount of green space for two years. The NDVI images in colour table are shown in Figure 5 for two different years. In this study, the NDVI values were divided into 3 main classes: Water, Soil/Building/Road and Green space. The classified maps were prepared for two years as shown in Figure 6 . since the accuracy assessment is very important and it was done using error matrix on the land cover maps which is tabulated in Table 1 and Table 2 for 2008 and 2015 respectively. It is found that, the overall accuracy obtained using ArcGIS for 2008 is 88.33 %, while in the year 2015, 91.67% were calculated as shown in Table 1 and Table 2 . In addition, the user's accuracies for both years for all classes exceeded 82% and 86% respectively, furthermore; the producer's accuracy (2008) exceeded 90% of all the classes except for water areas while it is 84% in 2015. This implies that the classification was done with the highest accuracy using the 120 ground truth points. Figure 06 , it can be observed that the rapid urbanization and infra structure development has not influenced much for the green spaces in, comparatively, rural areas such as Avissawella, Homagama and Padukka due to abundance of bare lands, even though there are a lot of developments are going on in these areas. It was determined the changes of other two land use classes as well in the study. According to the Table 4 , it clearly shows the area of soil/building/road land use class has dramatically increased by 34.375 km 2 in 2015 with a rate of 73.79% compared to 2008 due to development projects, specially, in Kaduwela, Moratuwa and Maharagama divisions except Padukka. During this period, the government was given more priority for road development projects. Therefore, in the areas such as Kaduwela, Kesbewa and Maharagama, the rate of change is very significant. According to the Table 3 and Table 4 , the highest green space reduction of 5.844 km 2 and the highest soil/building/road increment of 4.767 km 2 can be seen in Kaduwela DS Division. In contrast, the area covered by water has not change a lot, but it has been increased by approximately 1.173 km 2 with a rate of 13.6% (Table 5 ). But in this regard, it can see a lot of unexpected rate of changes in, specially, Dehiwala, Maharagama, Padukka and Thimbirigasyaya DSDs, since the images have been taken in two different dates (one is in November and other one is in April) in two years. As the final task of the study which is the main objective, per capita green spaces of every DSD were calculated using the population data and resulted green space extents for each year. When entire Colombo district is considered the per capita green spaces were 272.361 m 2 and 248.811 m 2 in 2008 and 2015 respectively. It means that, as a whole, Colombo district is in the safer side, even though there is a gradual decrease. But when the data were analyzed DSD wise, Colombo DSD, the area which contains a lot of human interactions, does not comply with either EU or UN standards for per capita green space. As shown in Table 6 , it can be observed that the highest (68.19%) and lowest (4.466%) rates of reductions of per capita green space are recorded by Hanwella DSD and Colombo DSD respectively. Additionally, the rates of the reduction of the areas such as Padukka, Kaduwela, Moratuwa and Rathmalana are considerable. Further it can be noticed that the values of Dehiwala and Thimbirigasyaya DSDs are getting closer to the minimum bounds of EU and UN standards. As a sub objective of the study, it was determined the predicted per capita green space with the current rate of change of green space and the population growth for 2025 (Table 6 ). It can be, clearly, noted that the problem would be much severe in 2025, specially, in the DSDs of Colombo, Dehiwala, Moratuwa, Rathmalana and Thimbirigasyaya with the current rate of reduction.
Discussion
As the main economically potential district in Sri Lanka, due to its location, Colombo district takes the leading role in the development of the country. Even though it is, comparatively, small in size, its location and contribution is very important. According to the findings of the study, it can be noted that Colombo district, as a whole, is currently in the manageable state with a very good rate of per capita green space, since it fulfill the standard rates which were determined by the WHO, UN and EU. But the main hub of the city does not satisfy the EU and UN standards. However, it would be a serious issue in the near future with the current rate, specially, in the main city limits. Therefore, an urgent comprehensive green space plan is required to re-establish the greener, pleasant and comfortable living standards in the city and, specially, its suburbs. In this case, this study is very important to identify the areas to give more priorities to make an environmental friendly country.
The study shows that from the integrated methodology of remote sensing and GIS gives comparably good results in analyzing land cover changes and related works in determining the per capita green space. Study highly recommends that the satellite images taken on the nearly same dates on two years should be used in this type of work. Since Sri Lanka does not suffer seasonal changes, it was not highly influenced on the final results. NDVI differencing technique was used in the study to detect the landuse changes in the study area. It can be concluded that NDVI method gives promising results in landuse change detections. Even though the index values represent the health of the green areas, in this study those values were not considered.
The per capita green space explains the environment sustainability of a certain area in a good manner. In this study, it was calculated by taking a DSD as the smallest unit. In this case, it gives a general rate for a division. But, to understand about the problem thoroughly, per capita green space should be calculated either land parcel wise or village wise. For an example, if the rate was calculated village wise in this study, the most of the villages in Colombo DSD would not fulfill the aforesaid standards. Therefore, the study highly recommends calculating the rate by taking smaller sized administrative units.
Additionally as a further study, it suggests to implement a tax system to get the attraction of the general public. In such a system, the government can collect taxes from the land owners who are not maintain or do not fulfill the government standards on per capita green space. At the same time, the government can compensate to those who are maintaining a better rate of per capita green space which is more than the required rate as a reward. This would be a better method to get the maximum support from the public and encourage them to make a greener area.
Authors should discuss the results and how they can be interpreted in perspective of previous studies and of the working hypotheses. The findings and their implications should be discussed in the broadest context possible. Future research directions may also be highlighted.
